In this study, we investigate whether hormonal shifts during the menstrual cycle contribute to the dehumanization of other women and men. Female participants with different levels of likelihood of conception (LoC) completed a semantic priming paradigm in a lexical decision task. When the word 'woman' was the prime, animal words were more accessible in high versus low LoC whereas human words were more inhibited in the high versus low LoC. When the word 'man' was used as the prime, no difference was found in terms of accessibility between high and low LoC for either animal or human words. These results show that the female dehumanization is automatically elicited by menstrual cycle-related processes and likely associated with an enhanced activation of mate-attraction goals.
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Empirical evidence suggests an association between women's hormonal shifts during the menstrual cycle and changes in their attitudes towards men and women (e.g., Macrae, Alnwick, Milne, & Schloerscheidt, 2002) . During ovulation, when the likelihood of conception (LoC) is high and oestrogen levels increase (Lipson & Ellison, 1996) , heterosexual women show enhanced explicit preference for stereotypical masculine characteristics (Penton-Voak & Perrett, 2000; Thornhill & Gangestad, 1999) and for malestatus stereotypical traits (Gangestad, Simpson, Cousins, Garver-Apgar, & Christensen, 2004) . Furthermore, Durante, Li, and Haselton (2008; also Fisher, 2004) have shown that increased LoC in women is associated with increased levels of importance attributed to one's own and other same-sex attractiveness. Together, these results suggest that increased LoC likely activates two different albeit related goals: the screening of potential mates for preferred qualities (i.e., the mate-selection goal; Lukaszewski & Roney, 2009) , and signalling one's attractive qualities to obtain or maintain a heterosexual relationship (i.e., mate-attraction goal; Durante, Griskevicius, Hill, Perilloux, & Li, 2011; Hill & Durante, 2009) .
Contextual (e.g., pictures of naked vs. clothed female targets) and individual (e.g., gender perceivers) factors which stress the relevance of female appearance have been shown to promote explicit and implicit dehumanization of other women (i.e., viewing others as less than human; Bernard, Gervais, Allen, Campomizzi, & Klein, 2012; Gray, Knobe, Sheskin, Bloom, & Barrett, 2011; Puvia & Vaes, 2013; Vaes, Paladino, & Puvia, 2011 ). In the current study, we recast the analyses of women's dehumanization of other women within the mate-attraction goal perspective (Fisher, 2004; Piccoli, Foroni, & Carnaghi, 2013) . Specifically, we test whether higher levels of LoC, which have been demonstrated to enhance the relevance of female appearance, are associated with stronger automatic dehumanization of women, but not men. This study seeks to understand the biological underpinnings that might play a role in women's dehumanization of other women. We are attempting to bridge two strands of literature that have developed independently, namely the social psychological research on dehumanization (e.g., Haslam, 2006) , and the evolutionary psychological studies on the influence of women's hormonal shifts on their attitudes and behaviours towards other women during the menstrual cycle.
Physical appearance and dehumanization
In general, the importance attributed to female attractiveness has been studied by two vantage perspectives, namely the social and evolutionary views (Buss, 1989; Eagly & Wood, 1999) . According to the social view, the media often connects women's physical attractiveness among heterosexual women with obtaining a romantic relationship with the opposite sex (Malkin, Wornian, & Chrisler, 1999) . Consistently, Puvia and Vaes (2013; see also, Sanchez & Kwang, 2007) reported that women with higher levels of internalized beauty standards promoted by the media also showed higher levels of motivation to look attractive to men.
The evolutionary view puts forward that men prefer women who display attractiveness and health because they cue reproductive success (Buss, 1989; Buss & Schmitt, 1993) . Both views emphasize the importance of female attractiveness in obtaining and maintaining a heterosexual relationship. Indeed, and for the social view, stressing the relevance of female appearance (Loughnan et al., 2010; Vaes et al., 2011) or focusing on female physical rather than mental aspects (Heflick & Goldenberg, 2009; Heflick, Goldenberg, Cooper, & Puvia, 2011) leads to the dehumanization of women. The dehumanization of sexualized women for men is also driven by sexual goal, while for women it is motivated by the tendency to distance oneself from this subgroup of women (Morris, 2013; Vaes et al., 2011 ; see also Morris & Goldenberg, 2015) .
Moreover, women who are more motivated to look attractive to men are also more prone to dehumanize sexualized women (Puvia & Vaes, 2013) . In contrast, research on the relationship between the menstrual cycle and appearance demonstrates that increased levels of LoC are associated with enhanced levels of intra-sexual comparison along physical-attractiveness dimensions (Fisher, 2004; Piccoli et al., 2013) . Specifically, during ovulation women are more likely to bolster their desire to dress more appealingly (Durante et al., 2008; R€ oder, Brewer, & Fink, 2009 ) when primed with pictures of attractive but not unattractive women (Durante et al., 2011) . Moreover, women who are more motivated to look attractive to men tend to perceive themselves as more attractive than other women (Durante et al., 2008) . In summary, women in high versus low LoC seem more interested in looking attractive to potential partners and rely more on selfpromotion strategies rooted in intra-group comparison along attractiveness and sexappeal dimensions. Taking advantage of these results, Piccoli et al. (2013) argue that the enhancement of LoC is associated with a stronger focus on female attractiveness -the core process of intra-sexual comparison -which acts as a proxy of the dehumanization of other women. This hypothesis has been confirmed in two experiments in which female participants were asked to select words that best match their representations of women and men from a list containing 10 words pertaining to animals (e.g., instinct) and 10 words pertaining to humans (e.g., culture; see Fasoli et al., 2015) . In both experiments, the degree to which women dehumanized other women rises with the increase of LoC. Moreover, increased levels of LoC were associated with higher levels of intra-sexual comparison, which are positively correlated to the level of the dehumanization of other women. In line with the idea that the core proxy of dehumanization (such as women's focus on beauty, physical appearance, and comparison of these dimensions) involves only members of the same sex especially at higher levels of LoC, no relationship was found between participants' LoC and the dehumanization of men. These results support the idea that at least explicitly, the dehumanization of other women is likely to be activated in women (also) by the mate-attraction goal and not by the mate-selection goal, which are both enhanced at high versus low levels of LoC.
Limits of previous studies on menstrual cycle effects
The aforementioned studies rooted in the evolutionary view largely rely on self-reporting and explicit measures of women's attitudes. Both deliberative and automatic processes can be predictive of judgments (Fazio & Olson, 2003) and are assumed to play a role in determining human actions. It is not clear whether hormonal changes throughout the menstrual cycle have their impact via changes also on more automatic, less controllable, implicit attitudes (De Houwer, 2003) . So far, only one study has investigated spontaneous attitudes across the menstrual cycle (see experiment 2 in Macrae et al., 2002 ; for a replication, see also Johnston, Arden, Macrae, & Grace, 2003) . In this study, photographs of men as primes facilitated the categorization of male-stereotypical words by women in high compared to low LoC. No advantage was reported for female-stereotypical words when preceded by a photograph of a woman. Results indicate the influence of LoC on cognitive processes specifically relevant to the mate-selection goal (i.e., accessibility of categorical information about men). This leads to the question of whether LoC might also affect implicit processes relevant to the mate-attraction goal.
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In this study, we address this issue by taking advantage of previous work by Piccoli et al. (2013) . Specifically, we tested whether increasing levels of Loc led normally ovulating women to automatically dehumanize other women, but not men. We achieved this goal using an unobtrusive technique: a semantic priming paradigm in a lexical decision task with 'woman' and 'man' as primes, and animal words and uniquely human words as targets (Blair & Banaji, 1996; Wittenbrink, Judd, & Park, 1997) . We implemented this technique in order to measure the strength of the association between two types of targets and two different types of primes which were semantically related with respect to the gender category (i.e., 'woman' vs. 'man'), relative to a control condition in which the primes were gender irrelevant (i.e., 'table' and 'salt'). Evidence suggests that faster reaction times to a target indicate a stronger association between prime and target.
We thus tested for the first time whether intra-group implicit, spontaneous, and nonintentionally controlled attitudes might be moderated by menstrual cycle-related goals.
Method
Participants Fifty-three female students participated in an extended session of experimental testing. Tasks were randomly administrated to participants. Students took part in the current study in exchange for course credit. Eighteen students who were using hormonal contraceptives were not included in the experimental sample (for a similar procedure, see Durante, Rae, & Griskevicius, 2013 ) leaving a final sample of 35 normally ovulating women (age: M = 21.12, SD = 3.76).
The sample comprised 94.3% heterosexual and 5.7% bisexual women; 97.1% of the sample were native Italians. The sample comprised 80% single women. Participants in the sample were politically oriented neither right nor left (M = 4.4, SD = 1.47, on a scale with 4 as the mid-point, t(26) = 1.46, p = .16). Almost half of the participants declared themselves religious (40.6%). As to socio-economic status, 37% of the sample reported a low-income background, 31.4% an intermediate-income background, 17.1% a highincome background, and 14.3% of participants chose not to rate this scale.
Procedure
A female experimenter told participants they had to place words into the categories 'words that exist in the Italian language' and 'words that do not exist in the Italian language'. Participants sat approximately 50 cm from the computer and read the instruction on the screen. Trial structure was as follows: fixation point '+' (500 ms) followed by a prime (150 ms), blank screen (200 ms), and then the target (until response). Inter-trial interval lasted for 1,000 ms.
Participants were instructed not to press any key when watching the first word (i.e., the prime), and to categorize the second word as accurately and quickly as possible (i.e., target) as a word or a non-word, using the 'S' and 'L' keys on the keyboard, respectively. The response keys were labelled as 'P' for word (i.e., 'parola' in Italian) and 'NP' for nonword (i.e., 'non parola' in Italian).
The experiment included three different types of primes. The prime 'woman' and 'man' were used as experimental primes, while 'table' and 'salt' were used as control primes. Each prime was followed by one of 40 targets (20 words and 20 non-words). Importantly for the control prime, in one version of the experiment 20 randomly selected targets (10 words and 10 non-words) were matched with the prime 'table', and the remaining 20 targets were associated with the prime 'salt'; in an additional version of the experiment, the 20 targets previously associated with the prime 'table' were matched with the prime 'salt', and the other 20 targets previously associated with the prime 'salt' were matched with the prime 'table'. Of the 20 target words, 10 concerned animal-related concepts, and 10 were associated with human-related concepts (see Table 1 for the full list). Animal-related and human-related words were derived from Fasoli et al. (2015) except for two animal-related (i.e., wild and half-cast) and two human-related words (i.e., people and citizen) that were replaced with mane and fang, and harm and finger, respectively. In so doing, we obtained animal-related and human-related words that did not also differ in terms of word length and frequency. Following the procedure outlined by Fasoli et al. (2015) , we asked participants to rate the entire set of experimental stimuli, among others, on a humanity scale, ranging from 1 (= very animal-like) to 7 (= very human-like), as well as on a valence scale, ranging from 1 (= completely negative) to 7 (= completely positive). In line with results from Fasoli et al. (2015) , the 10 human-related words (M = 6.29, SD = 0.44) were rated on average as more human than the animal-related words (M = 2.25, SD = 0.42), t (14) After the lexical decision task, participants were provided with a calendar and asked to report the first and last day of the previous set of menses and to estimate the beginning and the end of the next set of menses. Participants were asked to report information regarding the length of their usual cycle, its regularity, and the usual length of the menses (Wilcox, Duncan, Weinberg, Trussell, & Baird, 2001 ). Participants were also asked about the use of hormonal contraceptives.
Finally, participants indicated their age, sexual orientation, nationality, first language, current relationship status, political orientation, religion, and socio-economic status.
Results

Determination of LoC
On the basis of the calendar data and information regarding the menstrual cycle, the forward-counting method (McDonald, Asher, Kerr, & Navarrete, 2011) was applied to define the day within the participant's menstrual cycle in which the experiment took place. To each participant, a value of LoC was assigned using actuarial data from Wilcox et al. (2001) . Values of LoC ranged from .000 to .073 (M = 0.02, SD = 0.02).
Lexical decision task
For each participant, an individual accessibility score was computed by subtracting the reaction time to each human/animal target word when preceded by the gender-irrelevant prime (salt/table) from the corresponding reaction time when the same target word was preceded by gender-relevant prime (woman/man). Hence, positive scores indicated accessibility, whereas negative scores indicated inhibition. Individual accessibility scores were used as a measure of the relative strength of the association between gender-relevant (woman/man prime?human/animal target words), and gender-irrelevant words (salt/ table prime?human/animal target words). We analysed accessibility scores using a linear mixed-effects (lme) model with participants as random effect, and LoC, prime (woman vs. man), and target (human vs. animal) as fixed effects (Bates, 2010; Bates & Mechler, 2014; Fantoni, Rigutti, Piccoli, Sommacal, & Carnaghi, 2016) . The lme was fitted to the data using restricted maximum-likelihood estimation. We excluded both scores referring to incorrect target categorizations from the analysis (i.e., when a word was categorized as a non-word: 3.09% of the total), and scores falling outside AE2 standard deviations from the predicted value of the best generalized lme regression (4.80% of the total). This barely lenient cut-off criterion was selected to produce more uniform estimates of RTs effects across unbalanced conditions relative to more conservative cut-offs (i.e., AE3 SD; see Miller, 1991 and also Ratcliff, 1993) . This type of criterion was thus supposed to be optimal for the current study given that the loss of data was unbalanced along the LoC levels (see Supporting Information for further details).
Two-tailed p-values of effects were obtained by means of like p-values using the Kenward-Rogers approximation for degrees of freedom implemented in KRmodcomp's function, R Package pbkrtest (Halekoh & Højsgaard, 2013) . We obtained one-tailed p-values associated with lme estimates by means of likelihood ratio test based on chi-square statistics following Bates (2010) using a stepwise procedure that contrasted lme models of increasing complexity (depending on the number of fixed effects and their combination).
The lme model revealed a significant LoC x prime interaction, F(1,1251.19) = 5.21, p = .023, that was further qualified by the interaction with the target, F(1,1247.42) = 5.73, p = .017. No other significant main effects or interactions were found (p-values >.12). The three-way interaction (Figure 1 ) was due to the opposite effect of LoC on accessibility scores for animal and human targets when the prime was 'woman', F(1,613.3) = 10.71, p = .001, but not 'man', F(1,638.38) = 0.005, p = .94.
When the prime was 'woman', accessibility scores were enhanced at a rate of about 657.4 AE 456.1 ms per LoC unit for animal target words versus inhibited at a rate of about À1433.0 AE 638.5 ms per LoC unit for human target words. Accessibility scores were instead immaterial on both the LoC and the type of target word when the prime was 'man'. For 'man' as the prime, the pattern of accessibility scores followed a similar pattern for both animal and human target words: slightly decreasing as LoC increased (b = À447.0 AE 314.0 ms). Moreover, when animal target words were preceded by 'woman' prime accessibility, scores increased as a function of LoC with an estimated lme slope significantly larger than that obtained with the prime 'man' (657.04 ms vs. À474.5 ms, v 2 1 = 2.85, p = .046). Similarly, accessibility scores decreased more steeply when human target words were preceded by 'woman' than 'man' (À1433.0 ms vs. À429.95 ms, v 2 1 = 2.93, p = .043; see Figure 1 ).
Ancillary analyses
Continuous variables (i.e., age, political orientation, and economic income) were regressed upon LoC. For the categorical variables (i.e., relationship status and religion affiliation), a logistic regression was performed. No significant relationship between LoC and these variables was found (p-values >.14).
Discussion
In the present study, we analysed the relationship between women's LoC and the dehumanization of other women and men. Relying on an unobtrusive measure of attitude accessibility, we found that increased levels of LoC are selectively associated with women's dehumanization of other women but not men. Indeed, as the LoC rises, the accessibility of animal words is enhanced while the accessibility of human words is inhibited only when the word 'woman' is the prime. Moreover, the accessibility of animal words increases more sharply as the LoC increases when preceded by 'woman' rather than 'man' as primes. In contrast, when the prime is 'woman' with respect to 'man', the accessibility of human words is heavily reduced as the LoC rises.
Although this pattern of results is in line with previous findings on the selective relationship between the menstrual cycle and the explicit dehumanization of women (Piccoli et al., 2013) , our research is the first to test the automatic and spontaneous dehumanization of women across the menstrual cycle by relying on a semantic priming technique. While previous studies showed the automatic consequences of the activation of mate-selection goals on male-stereotype accessibility (but not women-stereotype accessibility) at higher levels of LoC (Macrae et al., 2002) , our study further demonstrates an automatic impact of the enhanced activation of mate-attraction goals on attitudes towards women when the LoC is enhanced. Furthermore, the current findings speak to the debate on the malleability of automatic attitudes (e.g., Blair, 2002; Foroni & Mayr, 2005) . Indeed, previous studies have shown that even automatic attitudes may be altered by perceivers' expectancies and automatic motives (Blair & Banaji, 1996) . The current study suggests that biologically rooted goals, such as the mate-attraction goal, can additionally shape automatic attitudes in general, and dehumanization of women by women in particular.
A potential limit of our study resides in the way we treated the LoC variable in our experimental design: namely as a between-subject variable. In so doing, we were not able to comprehend how LoC affects implicit dehumanization of women within the same sample of participants. Future studies may attempt to address this issue and rule out the possibility that participants' individual differences may further contribute to the observed effects. However, based on the regressions conducted here with demographic variables, it appears that our results cannot be accounted for by a bias in the distribution of participants along the LoC variable in terms of age, income, and relationship status, which have been found to be associated with individual differences on intra-sexual comparison (Buunk & Fisher, 2009) . Nor can our results be accounted for by participants' political orientation and religious affiliation, which might be related to the process of dehumanization (DeLuca-McLean & Castano, 2009 ). Finally, and given the importance of female attractiveness in the process of female dehumanization, it remains unclear whether female characteristics other than their attractiveness could be stressed in the high-versus low-conception phase, if societal and intergroup factors would not tie female attractiveness to obtain a romantic relationship with the opposite sex. In other words, we cannot exclude that alternatively societal-based models of mate attraction would be enhanced in the fertility phase. Future research may address this issue supporting the attempt to bridge social psychology and hormonal-based processes.
